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NATIONAT. ADVISORY COMMITTEE FOR AERCNAUTICS

RESEARCH MEMORANDUM

FABRTCATION AND PROPERTTIES OF HOT-PRESSED
‘ MOLYBDENUM DISILICIDE

By Roger A. Long

SUMMARY

Hot~presged molybdenum disiliclde bodies produced by Industrial
processes &t o ‘temperebure of 2950° +£100° F and a pressure of 3000 +
500 pounds per square inch were investlgaebted. The following charac-
teristics and propertles were cbeerved:

Short-time tensile strength, 1b/eq in.

(°r)

1800 L - [ ] L ] L ] - - L] - - L - L ] * - - - - L ] L] - - - L] -* - 40, om

zooo [ 2 L] L] L ] - - L] L] L] - L] - - . * L] L] - - - L] - - . - - 42 , l 60

2200 L ] L [ ] L ] - - - L ] - L] - - [ ) . L ] L ] L] - - - - L L J L] . - 4‘2 ’ 800

2400 - - L] . . L] - - - * - - L ] - L ] L] - - L3 - - - L] - - L 43—’ 070
Preliminary 100-hour rupbure stress '

at 18000 F, 1b/sq in. o s e & e © s e & =& above 50, Ooo

Compression strength at 80° F, l'b/sq, IN. « ¢« « « &« « « « 350,000
Alr corrosion at 100° to ‘2:8500 F,
grem/(sq cm) (hr) {(meximum). - P D% Ko

Rockwell hardness at room tempersbure. « « « « « « . A=-80 to 4-87
Enocop hardness at room temperature,

(1 xg load). e+ s s+ « e« « s« « 850 Bo 870
Average coefficient of linear thernal expansion

at 80° to 2732° ¥, in./(in.)(°F). « e e e .. 5,1x10-6
m?%g)al conductivity, watts/(sq om) (cm) (°c)

300 - L] - [ ] - L ] - - - - L] L] . - L] - . - - - 0054

1000 . . « . :
Density, gra.m/cm3 (a.verage) . .
Brittleness at room temperature.

¢ o e o & o &« o o 5,90
very high compared with
heat-resisting alloys;

comparable to ceramics

and ceramals

@ & o © e o s+ a s @ -39
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INTRODUCTION

In the NACA research on materlals for high-temperature appli-
catlons, the intermetallic compound molybdenum disllicide MGSiz is

being investligated at the Lewls laboratory. The fabrication of
molybdenum disilicide specimens by hydrostatic cold-pressing and
gintering is described in reference 1 and date are presented describ-
ing physicel characterdstice of the materisl sc prepared. These
molybdenun disilicide specimens were prepared in the laboratory in
an effort to eliminaste impurities. The present Investigatlon was
conducted to determine hot-pressing conditions that might produce
satisfactory hot-pressed molybdermm disilicide bodles and to evaluate
the properties of the bodies produced by use of these conditions.

1360

Inssmuch a8 the meterlial characteristics obtalnable under
industrial condlitions of powder and body preparstion are of
importance, the material Investigated, was in large part prepared
by industrial methods. Preliminery investigatlons at the Lewls
laboratory served as the basls for specifications to which bodies
were to be made. Molybdenum disilicide powder for the experiments
wag compounded by the Electro Metallurgicel Divislon of the Union
Cerbide and Carbon Corporation and hot-pressed intoc bars by the
Metels Cerbides Corporation. The bars were ground into shapes suit- .
able for evaluating the various properties of the materilal.

The methods of powder and body preparation and the following .
characteristlics of the hot-pressed bodies observed at the Lewls
leboratory are presented: high-temperature short-time tensile
gtrength and stress-rupbture strength, high-temperature alir-corrosion
resligtance, hardness, thermal conductlvity, and denslty. Thermal-
expension date obtained by the National Bureau of Stendards are alsoc
included. The effects of variations in several of the factors
involved in febricetion of the materlal are discusesed in the sppendix.

Insufficlent date are available to compare the strengths of
bodies prepared by cold-pressing and sintering and by hot-pressing.
A comparison is maede, however, of the hardnesses and the densitles
of bodiles yrepared by the two methods.

SPECIMEN PREPARATION

The verlious steps detailed in this section are, in general,
presented singularly and represent the conditions that produced the
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gpecimens for which data are given. Varlations in these steps and
the effects of such variletions are dlsouesed in the appendix with
one excepbion, which is variation in particle size and pertlcle-size
distribution. The fine-powder materiasls produced by the use of two
particle-size distributions are discussed 1n thls section and are
referred to as "uniform-powder and nomuniform-powder molybdenum
disilicide."

Molybdenum Dislliilcide Compounding

In the laboratory direct-reaction process used in preliminary
experiments, an intimate near-stolchlometric mixture (a gram-atomic-
weight ratio of 2.01 parts of silicon to 1 of molybdenum) of fine
(through 325 mesh), 99.85 percent pure elemental powders was heated
to the reaction temperature of approximately 1900° F in an argon or
helium atmosphere at an sbsolute pressure of about 1/2 atmosphere.
The product of the leboratory reactlon, identified as molybdenmm
disilicide by X-ray diffraction ani chemical-enalysis techniques,
was similar to the commercisl powder prepared afterwards.

The process by which the molybdemum dislliclde powder was com-
mercially compounded 1ls a modificetion of the direct-reaction process
used at the Iewls lsboratory for meking small quantlties of powder.
The commercial powder, composed of 63.44 +0.20-percent molybdermm,
36.45 #0.20-percent silicon, 0.07-percent iron, and 0.1l0-percent
other impurities by weight, wes furnished in dry granuler form wilth
100 percent of the particles passed through & 100-mesh screen and
77 percent through a 325-mesh screen.

Body Fabrication

Bars 0.520 inch square and 3%'—1:0 7 inches long were formed from
the commercisal powder according to the followlng procedure:

Milling - Molybdenum disilicide powder suspended in methanol
was commimited in a 6-liter chrome-steel ball mill to produce the
particle-size distritutions shown in the second and third columns
of teble T. The ball-mill charge comprised approximately 25 pounds

of 7/16-inch chrame-steel balls, 10 pounds of powder, and 1% quartse

of methanol. Cominnbtion time was approximately 24 hours to pro-
duce the nonuniform powler and approximately 48 hours to produce
‘the uniform powder.
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Chemical enalysis of the molybdemum disilicide powder after
the commimtion process showed the only metellic "impurity” intro-
duced by the mllling process to be 0.5~ to 1.0-percent iron.

” Drying -~ The milled powder was partly drled at room tempera-
ture with evaporation of the methanol complebed by application of
radisnt heat st powder temperatures below 140° F.

Hot-pressing ~ The dry powder was pressed in molded fine-~graln
graphite dles at a congtant pressure of 3000+ 500 pounds per square
inch and a meximum temperature of 2950 +100° F. The pressing
sequence comprised the followlng steps: appllcation of pressure;
heating, approximately 8 mimites; beating at maximum temperature,
approximately 1/2 mimite; release of pressure; cooling (in die),
approximetely 30 minutes.

Specimen Fabriocstion

Specimens of the followlng types were ground from the hot-
pressed bars with diamond gbrasive wheels:

Specimen Type

Tengile, stress~rupbure Cylindrical; test-section dlameter,
1/4 in.; oonical ends (fig. 1)

Compression Cylindrical; diem., 3/8 in.;
length, :% in.

Air-corrosion resistance, Rectangular; 1/2 by 1/2 by 1/4 in.
hardness, denslity
Thermal conductivity Cylindricael; diem., 1/2 in.; length,
7 in.
Thermal expansion Equileteral prism; sides, 0.4 in.;

length, 2 in.

APPARATUS AND PROCEDURE

Metallographic specimens of uniform-powder and nonuniform-powler
hot -pressed materials, etched with a solution containing 17-percent
hydrcchloric acid and 8-percent nitric acid, were photomicrographed
for metallurgicel examipation.

1360
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Short-time tenslle strength - Temsile specimens were pulled to
fracture under the following conditions:

Tensile machine
TYPCe o ¢ o o ¢ o o = s o+ s o o« s o o o « » universal; hydraulic
Capacity, 1b. « . . @ e s e e e e s e e s s e s s s « 120,000
Low soale reading, l'b. e e o o s s s e s s 4 e e e ¢« s « 0-8000
Loading rate .
1b/min. . . . 6« o o s s s s 8 e s e e e o .« & 3500
1b/(sq in.)(min)(nomine.l) « e s = e e s e 4 s e s s s« TL,000

Specimen heating
Heat 8uPply « « ¢ « ¢« « « « « « platinum resisbance-wire furnsace
Temperature control . « =« v« + « . « « aubomatic; series resistor
discontinucusly shunted
by temperature controller
Specimen tempersture

messurement . . . . . + o« . thermocouples at both enda of gage
length; besad against speclmen

Time at evaluation tempersture .
before application of load, hr. . . . B I £ -
Evaluation temperatures, °F . . . 80, 1800 2000 2200 and 2400

Preliminary experiments dictated the need of accurate specimen
alinement. Speclal grips, held by extension arms designed to be
self-glining, were therefore devised (fig. 2). The grip inserts
were made of Inconel "X" alloy or Haynes Stellite Alloy No. 25 depend-
ing on the application, and the grip housings and the exbtension
arms of Inconel "X" alloy. The inserts were machined to close toler-
ances to match the conlcal portions of the tensile specimen, but
local deformation of 'bhe inserts wes intenﬂ.ed. to provid.e fina.l speci-
men alinement.

Permanent deformation of specimens was determined by messuring
the length between speclimen ends before and after evalmation.
Measurements after failure were made on those specimens thet fractured
in such a menner as to permit reassembly of the fragments.

Stress~-rupbture strength - The equipment (fig. 3} for the deter-
mination of stress-rupbure date includes grips simllar to those used
irn the tensile-strengbh evaluebtions. Specimen-alinement procedure
was similar to that of the tenslle-gbrength evaluastion. The hydraulic-
type rupbure machine used was d.esigned. for the testing of brittle
materials.
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A preliminary evaluetion was made by stabilizing specimen tem-
perature at 1800° F; after stabilization, a loading sequence compris-
ing 100-hour periods at loads succesalvely higher by increments of
5000 -pounds per square inch was followed unbtil specimen fracture.

A leter evaluetion, also &t 1800° F, was made by holding load constant
until failure resulted.

Campression strength - Room-temperature compression strength
was determined by applylng an axial compressive load to a cylinder of
nominiform-powler material having a length-diameter ratio of 3. The
load was applied wilith the tensile machine previocusly described.

Alr~corroglon resglistance - The elevated-temperature alr-corrcsion
reglistance of the material was evaluated by determining the welght
change produced during exposure of specimens to high-temperature
freely cirouleting alir in an open~tube resgilstor-element-type furnace
for successive periods of time. The speclmens were edge-mounted on
alundum boets and evaluated under the following conditlons:

Specimen surface finish, microln., rme « ¢« o« « « « ¢« ¢« ¢« « 5 t0o 15
Evaluation btemperatures, °F. « « « » « « « « 2200, 2450, and 2850
Cumlative time at stabllized

temperature, hr'e « o« =« o« s« o ¢ ¢ « « « o 100, 135, 200, and 300

. Hardness - Specimen macrohardness was measured with a stendard
Rockwell hardness tester using a diamond indenter and a 60-kilogram
load. This procedure gives a value on the Rockwell A scale, which
is commonly used in the cemented-carbide industry.

Microherdness determinations were made on polished and partly
etched metallographic specimens by the use of a Enoop Indenter with a
Tukon hardnese tester at a load of 1 kilogram.

Coefficient of linear thermsl expansion - Linear thermal
expansion of a nomniform~powder prism specimen was determined by

the Natlonsl Bureau of Standards, using a unique dilatometer that
ie desoribed in reference 2. The temperature range covered was
26° to 1500° ¢ (80° to 2732° F).

Thermal Conductivity - Thermel conductivity was determined by
the method of reference 3 from measurements of axial temperature dis-~
tribution and axial heat flow along & cylinder .7 inches long and
1/2 inch in diameter pressed from nonuniform powder. Axial temper-
ature distribution wes measured by equally speced thermocouples
sllver-goldered to the cylinder surface; heat flow was determined
from measurements of temperature gradient along a similar cylinder

1360
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of nickel, having a known thermal ocomductivity, in thermal seriles
wlth the molybdenum Alsilicide cylinder. Redlel heat loss from
the cylinders was prevented by the method described 1in reference 3.

Denglty - Density wag determlned by calculatlions based on
measured welghts and computed volumes of specimens.

RESULTS ARD DISCUSSION

Short~time tenslle strength - The observed velues of elevated-
temperature ghort~time tenslile strength are presented in flgure 4
and compered with those of other high-temperature materials obtained
from references 4 to 8. The comparison shows molybdenum disilicide
t0 have superlor short-time tenslle strength at temperatures above
approximately 1800° F.

The curves show that the strength of nominiform-powder bodles
is approximstely constent at 42,000 pounds per square Inch as tem-
perature varies Prom 2000° to 2400° F. The strength of uniform-
powder bodies remalins constant at sbout 40,000 pounds per square inch
from 1800° to ebout 2200° F; above 2200° F the strength decreases,
being about one-half as great at 2400° F. The observed values of
room-temperature strength were probably lower then the actual tobtal
stresses present because of bending stresses set up by noncollinearity
of the grips. These bending stresses were reduced at the higher tem-
peratures by local plastic deformatlon of the grip inserts that per- .
mitted uniaxiel loeding of the specimen.

A view of =& specimen after a tensile evaluation, presented In
figure 5, is indicative of the brittleness of the material. The
measurements of specimen lengths before experiment and after Fracture
(by reassembly of the parts) gave the following values of permenment
elongation:

Evaluation temperature Permanent elongation
(°F) "~ (4in.)/(in. total)
specimen lengbh)
Nonuniform Uniform
powder powder
80 Undetectable | Undetectable
1800 Undetectable | Undetectable
2000 Undetectable | Undetectable
2200 Undetectable 0.001
2400 Undetectable 005
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Tt is possible that the high rate of loading used may have caused
observed valves of elongablon to be low. The decrease in streungth
of the uniform-powder material at temperatures above 2200° F is
apparently asgocileted wlth the plastic deformations observed, which
were small but definite.  The brittleness of the bodies is comparsble
to that of a ceramic or a ceramal.

1380

Photomicrographs (fig. 6) show hot-pressed molybdenum disllicide
to be & fine-grained material containing a definite amount of Inter-
granular spheroidal secondary phese, which has not yet been 1denbti-
fied. A%t high temperatures, the ductile behavior of the uniform-
powder material and the nonductile behavior of the nomuniform-powder
material may be a function of dispersion of the intergrammlar second-
ary phase. This phase 1s present in both materials but is dispersed
differently in the two materials beceuse of the difference in particle
size, as shown in figure 6(b). The secondary phase seems to be a
product of reaction between the methanol and the disilicide during
the milling asotion. Later experiments (see appendix) showed that the
phase is formed in lesser gquantity, but not eliminated, by the use of
benzene ag the carrier medivm during milling.

A direct comparison between the tensile strength of hot-pressed
molybdenum disilicide, which is reported herein, and the mocdulus-of -
rupbure strength of low density, cold-pressed and sintered molybdemm
disilicide, which is reported in reference 1, cannot be made because
of_-the followlng reasons:

(1) Avellabdble information indicates that, for a glven materisal,
modulus-of -rupture values may be from one to three times as great as
tenslle velues,

(2) Rate of loading has an apprecisble-effect on the strength
values cobtalned. Inasmuch as the stress rates used in the modulus-
of =rupture and the tensile evaluatlions were widely different,
comparisons would be influenced by this effect.

Nelther of these materials is consldered to be-the best that can be
produced by the respectlive methods.
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Stress-rupbure date - Specimens of uniform-powder material
broke in tension after the following cummlative applications of
load at 1800° F:

Toad Time
(1b/sg in.) (br)
Specimen
A B
20,000 100 —
25,000 100 —_——
30,000 100 ———
35,000 3 3

The data obtained indicete that the 100-hour rupture life 1is
somewhat greater than 30,000 pounds per sguare Inch., This value is
epproximetely three tlimes that for high-temperature slloys reported
in references 4 and 5, end approximately twlce as great as published
values Ffor ceramic materials (reference 7).

Compression strength - Room-temperature compreasion strength
of the single specimen evaluated was determined ss 350,000 pounds
per square inch. At fallure the specimen shattered suddenly, break-
ing into numerous very smell pieces.

Air-corrosion resistance - The following welght changes were
caused by successive exposures to high-temperature freely circulat-
ing air:

Temperature | Cumulative weight gein, (grems/(sq cm)(hr))
(°r) Time
(hr)
100 135 200 300
2200 0.65x10~8 - - |1.0xa0-6}{0.70x10-6
2450 3.00 - - .96 .64
2850 -3.67 -3.10x10°%| - - - -

The welght gains at temperatures of 2200° and 2450° F were probably
caused by the formation of molybdemum disiliclde derivatives on the
exposed surfeces. Metallographic exsmination showed (fig. 7) a
definite migration of the secondary phase Trom the core to the sur-
face of the specimen exposed 135 hours at 2850° F that was not
apparent in specimens exposed at the lower temperatures. Electron-
diffraction examination indicated the surface materisl to be amorphous.
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The weight loss that occurred at 2850° F may be attributable to
sublimation of this phase or to wetting of the supporting boat by
this phase. :

Hardness - Rockwell hardnessee of both uniform-powder and
‘nonmunlform-powder materials were determined as A-80 to A-87 and Knoop
hardnesses, using a l-kilogram losd, as 850 to 870. The Knoop values
of-microhardness are considered more representative then the Rockwell
velues of mecrohardness; because of the high brittleness of the
specimens, the Rockwell indenter caused some indentetion cracking,
whereas the Knoop indenter did not.

The Rockwell hardness of molybdenum disiliclde specimens pre-

pared by cold~pressing and sintering is reported in reference 1
as 0-57.

gﬁfficient of linear thermal expansion - The average coeffi-
clent of linear expansion of the material, calculeted from data
supplied by the Neflonal Bureau of Standards (fig. 8), is 5.1x10~6
inch per inch per °F over the temperature range 80° to 2732° F. The
linear thermal expansion is almost identical with that reported in
reference 2 for corundum (Al;0z) parallel with the rhombohedral

axis, Approximate uniformity of thermal expansion over the range
investigated indicates no phase trensformations,

Thermal conductivity - The values presented in figure 9 show
that thermal conductivity of molybdenum disilicide decreases with
increase in temperature. This trend is opposite to that reported
for high-~temperature alloys in references 4 and 5. The thermal con-
ductivity varies approximately linearly with change in temperature
and is 0.54 watt per square centimeter per centimeter per oC at
300° F and 0.39 watt per square centimeber per centimeter per °C
at 1000° F. '

Density - Density of the uniform-powder material was determined
age 5.87 grams per cublc centimeter and that of the nonuniform~powder
material ag 5.90 to 5.92 grams per oubic centimeter. These values
are 94.07 and 94.53 percent, respectively, of the theoretical density
of molybdemum disilicide, 6.24 grams per cubic centimeter, reported
in reference 1. The observed densities are about 70 percent of the
densities of high-~temperature alloys in current use.

The density of molybdemum disilicide specimeme prepared by cold-
pressing end sintering is reported in reference 1 as 5.68 grams per
milliYeter.

1360,
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SUMMARY OF RESULTS

Bodles were satlisfactorily hot-pressed from uniform and from
nomniform molybdermm disilicide powders at a temperature of 2950°
£100° F and a pressure of 3000 £500 pounds per squere inch., Evalu-
ation of the properties of the bodies mey be summarized as follows:

1. At bemperatures above 1800C F, hot-pressed molybdenum
disilicide had outstending short-time tensile strength. Bodles
made of powder of nomuniform particle size were stronger at temper-
atures above about 2200° F than bodies made of powder of uniform
particle size. Bodles made of powder of nomuniform particle size
had short-time tensile strengths at temperatures between 2000° and
2400° F of approximately 42,000 pounds per sguare inch. Speclmens
of uniform~particle-size powder showed evidence of ductility above
approximately 2200° F.

2« Preliminary date indicated that the 100-hour rupture stress
of the material at 1800° F was in excess of 30,000 pounds per square
inch, which is approximately three times that of the strongest high-
temperature alloys now Iin use.

3. Evaluastion of a single specimen indicated. a room-temperature
compression strength of 350,000 pounds per squere inch,

4. Air-corroslion resistance of the materlal was extremely high;
the weight of small rectanguler specimens changed at & maximm rate
of only 3.10x10~6 grams per square centimeter per hour during various
exposures of 300 hours at 2200° F, 300 hours at 2450° F, and 135 hours
at 2850° F.

5. The mabterial had a measured Rockwell hardness of A-80 to
A-87 and 8 Knoop michrohardness under a load of 1 kilogram of 850 to
870.

6. Average coefficlent of linear thermal expansion of the
material was determined as 5.1x10~6 inch per inch per °F over the
temperature range of 80° to 27320 F.

Te ' Thermal conductivity of the materisl was determined as 0.54
watt per square centimeter per centimeter per °C at 300° F and 0.39
watt per square centimeter per centimeber per 9C at 1000° F.
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8. Density of the uniform-powder materlel was determined as
5.87 grams per cubic centimeter and that of the nomuniform-powder
materiel as 5.90 to 5.92 grems per cubilc centimeter.

Lewls Flight Propulsion Laboratory,
Netional Advisory Committee for Aeronsutios,
Cleveland, Ohio.

1360
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AFPPENDIX

EFFECTS OF FABRICATION VARTABLES ON PROPERTIES OF
HOT -FRESSED MOLYBDENUM DISILICIDE

The effects of change in each febrication factor were not
determined for each property of the material, but sufficient
information 1s avallable to indilcate practical limits of many of
the factors.

Preparatlion of Molybdenum Disilicide Powder

Molybdenum dlsllicide is formed with an evolubtlon of heat at
& particular actlvetion-reaction temperature. In the reaction of
the molybdenum and silicon powders, an excess of silicon (0.5 per-
cent of the stoichliometric proportion) wes used because an excess
of one of the elements would tend to produce reaction completeness.
Silicon was chosen as the excessive element because of its smaller
etomic radius and its superior oxldation properties.

Purity of the material produced by the direct-reactlon process
would depend in large part on initial purity of the elemental powders.
Completeness of the reaction i1s dependent on prior intimate mixing
of the elemental powders.

In initial experiments, the powder mixbture was hesbted to the
reaction temperature in en evacuated tube at an indicated pressure
of 1 micron. This procedure resulted in a2 small amount of silicon-~
metal volatilization end later reectlons were therefore conducted
in an atmosphere of argon or purified helium at an absolute pressure
of @bout 1/2 atmosphere. The inert atmosphere was meintained dur-
ing coolling to prevent possible air corrosion of the compound.

Methanol was first used ss the liquid cerrier in the milling
of the disilicide compound to the desired particle gize. A degree
of gumminess and sgglomeration of the dried perticles was cbserved.
Benzene was latexr substlituted for the methenol, and the compound
powders after belng drled showed no evidence of gumminess oxr
agglomeration. These results indlcated a possible reaction between
methanol and molybdenum disllicide. This reaction was further
indlcated by metallographic examinstlon that showed the presence
of greater amounts of intergremiler secondsry phase in material
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prepared with methanol than in materlal prepared with benzene,
Complete evaporation of the benzene was accompllshed by mainteining
the powder at temperatures not exceeding 140° F.

Fabrloation of Bodles

The date presented indicate that a powder of fine particle
size produces fabricated bodles of high tensile strength. Bodies
were febricated from coarse powder (teble I) by the procedures
used in fabricating the uniform- snd the nomuniform-powder bodies.
The following values were obtained with coarse-powder bodies:

Evaluation Short-time tensile Compression
temperature atrength strength
o (Cr) (1b/sq in.) (1b/sq in.)
80 17,350; 18,780; 19,130 210,200
2000 20,430
2200 25,000; 25,800
--- 2400 21,500

No deformation of the specimens was observed. Bodles of coarse-
particle-gize powders can be satisfactorily fabricated, but the
high~temperature strength of such bodles ie sbout one-half theat
shown in flgure 4 for bodies of fine~particle-slze powders.

Molded graphite or graphlite~clay dies were used successfully
in the leboratory and in commercial hot-pressing of melybdenum
disiliclde powder. Mlcroscoplc examiration of specimens showed
that the graphlte reacted with the bodies to a depth of about 1l mil
below the surface. Chemical anelysis indicaeted that carbon content
of the interior portions of the pressed bodles had not increased
during hot=-pressing.

The possible number of combinations of heat, pressure, and
time can be great, but the following ranges and combinations seem
to be the most appliceble at present. At low plunger-die pressures
(1000 to 2500 1b/sq in.), pressing temperatures of 3100° to '3200° F
gave satisfactory dense bodles. Thils temperature range 1s, however,
at the high limit of furnace equipment used Iin the commercial pro-
duction of cemented carbides. TUse of such high temperatures is
undesirable. A temperature as low as 2600° F could be used satis-
factorily in conjunction with high pressure, the pressure being

1360 -
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limited by dlie-materiel strength. The tém'pera:bure range currently
useble for hob-pressing molybdenum disiliclde therefore appears to
be that between 2700° and 3000° F.

The pressure regquired for hot-pressing would be that giving a
high degree of compactness within the previously speclfied tempera-
ture range. Investigation showed that die pressure, which can be
varied between 1000 and 5000 pounds per squere inch in order to give
acceptably dense bodlies, should increase as temperature 1ls decreased.

The maximum density to which molybderum disllicide can be hot-
presged is of some interest. The highest density produced in these
experiments was 6.16 grams per cublc centimeter (98.7 percent of
the reported theoretical density of 6.24 gra.ms/c_sms) and resulted
from use of powder of nomuniform particle size at high valwes of
pressing temperature and pressure (3100° F and 4480 1b/sq in.).

Density of a hot-pressed body is not at present a specification
that will establish the properties or characteristics of molybdenum
disilicide bodies. BEstablishment of definite relations among body
properties, fabrication variablés, and density will, however, make
density a prime criterion in future specifications. The density to
be gpecified will be that to which bodies cen be hot-pressed to
give the desired compromise among the properties of the material.

Swaging

In order to investigate the possibility of working hob-pressed
molybdermm disilicide, attempts were made to swage rods 0.372 inch
in dlameter and 7 inches long that had been ground from bars 3/8 by
3/8 by 8 inches. The rods, heated to approximately 3100° F, were
ingerted in a rotary swaging machine set to reduce rod diameter
2.75 percent. The swaging action was sc severe that the rods were
instently "chewed" into meny pieces. Exeminstion of the fracbture
faces showed them to have the appearance characteristic of fracture
surfaces of brittle materisls. The failure in swaging may have
been induced by (1) thermal shock of the hot rod by the cooler dies,
(2) insufficlent ductility of the material to withstand the heavy
swaging action, or (3) cleavage action of the intergremmler phese.
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TABLE I - PARTICLE SIZE AND PARTICLE-SIZE DISTRIBUTION COF

MOLYBDENUM DISTLICIDE POWDERS USED IN

HOT -PRESSED BODIES

Ebzticle gizes determined”by'microscopic method based on

ASTM tentative stendard 1614 (1938)]

Upper limit Percentage of total smaller
(mlcrons) +han upper limit
Fine powder Coarse powder
Nomuniform |Uniform

25 100 100 100

is 98 to 99 100 100

6 90 to 95 100 50

3 —— 28 to 99 -
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Figure 2. - Apperstus for high-tempereture tensile ewvaluatlon.
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Figure 3. - Stress-rupture machins.
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Figure 5. - Tenslle specimen after fracture.
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Figwre 6. - Hot pressed molybdenum disilicide bodles; etchant, l7-percent hydrochloric end
8-percent nitric acid; etching time, 70 mlnutes.
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Echant, 10-percent sodlum hydroxride, 30-percent potassium ferricyanide;
X500.

etching time, 30 seconds,

2850° F.

Flgure 7. - FPhase migration in hot-pressed molybdenmum dlsilicide after 135 hours et
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Figure 8. - Thermal expansion of hot-pressed molybdenum disilicide. Data furnished
by Ratlonal Bureau of Standardse.
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Figure 8. -~ Thernal conductivity of hot-pressed molybdenmum disilioide at verious temperatures.

HACA-Langley - 8-34-50 - 378



